Various LiMn2O4 electrode materials, having different crystallite sizes ranging from 50 to 500A, have been investigated either in 3V or in 4V Li batteries. In agreement with our <<electrochemical model>>, we have shown that nanocrystalline samples have much higher capacity and cyclability than their microcrystalline homologue in the 3 V domain uniquely. A reverse trend is observed in the 4 V range, still in agreement with the model.
INTRODUCTION
It has been evidenced that lithium manganese oxides having the spinel structure are promising cathodes for lithium batteries because they are cheaper and less toxic than other candidates (cobalt and nickel oxides). It must be recalled that the early spinel materials possessed a satisfactory theoretical specific capacity [1] . However, the practical capacity declined on cycling and only later optimization yielded satisfactory results [2] [3] [4] .
Synthesis of LiMn204 is often undertaken using solid-state reactions [2] [3] [4] [5] [6] [7] [8] . In this procedure, a Mn compound such as MnO2 ( [2, 3] . Solution methods have also been advantageously developed [9, 10] . They achieve, indeed, finelygrained homogeneous starting materials and, therefore, lead to ultrafine crystallites of the spinel phase. LiMnO4 can also be similarly prepared using polymeric routes. One of them deals with the Pechini process which involves polymeric precursors [11] . We have recently patented another original polymeric route which is adapted to large scale production; the controlled explosive oxidation of the polymer precursors, which occurs at low temperature, leads also to very finelygrained homogeneous starting materials [12] . Our objective, here, is to prepare LiMn204 with controlled crystallite size. Ten years ago, we have indeed shown, using many examples [13] , that the control of crystallite size was a key factor determining the specific capacity and the cycling efficiency of the electrodes. We established, for instance, that the electrochemical activity, with regard to lithium, of the polycrystalline films << Li0.sNi0.5 IIIo )) increased as the crystallite size diminished [14] . When [10] , unlike other sol-gel methods [9] . We have also successfully used the above mentioned polymeric route [12] , but the corresponding study has been reported elsewhere for sake of clarity [22] . 
RESULTS AND DISCUSSION Preparation Conditions of LiMn204
For application considerations it is important to determine the lowest temperature at which LiMn204 can be synthesized. In order to do so, we first investigated the role of the starting materials on the synthesis of LiMn204 by means of TGA and DTA analysis (Fig. 1) . The starting materials are heated in air at a rate of 3C/mn from 20C to 600C. A small exothermic peak centered at 177, 8C appears, followed by an endothermic peak centered at 224.9C and which accounts for the fusion of the acetate groups [9] . This melting precedes the very exothermic decomposition of the acetate groups which accounts for the abrupt loss (47% weight loss) which is observed in the TGA curve (Fig. 1 ). The lowest temperature at which the phase pure spinel is formed is, obviously, above 225C (fusion of the acetate groups). It is, indeed, 250C when the starting materials are heated in air for 20 hr. This temperature corresponds, in fact, to the onset of the exothermic decomposition of the acetate groups (Fig.l) known, indeed, that oxygen deficient materials occur, their anionic deficiency being responsible for their poor cycling efficiency in the 4 V domain [1] . We have illustrated on Figure 2 the oxygen departure above 800C.
The symbolization of the samples, that we have considered here, is reported in Table I .
Structure and Texture
To determine the structure of each sample, X-ray diffraction (XRD) experiments were carried out. According to them, each sample has the characteristic signature of a spinel (Fig.3) . The XRD patterns could be indexed with the same spinel space group as the standard LiMn204 spinel (Fd3m). Let us simply recall that the structure can be described as layers of close packed oxygen, in which lithium and manganese ions occupy tetrahedral (8a sites) and octahedral sites (16d sites) respectively.
As expected, the peaks gradually sharpen with increasing firing temperature due to the increase of the crystallinity. The growth of crystallite sizes is also illustrated on the TEM micrographs (Fig.4) : the average crystallite size increases from 50 for LiMn204(250) to 1000 for LiMnO4(800). The specific surface area (deduced from BET analysis) progressively diminishes, as the firing temperature increases, from 30m2/g for LiMn204(250) to 6m2/g for LiMn204(800). These rather low values result from grain agglomerations which are illustrated on Figure 5 , showing SEM micrographs. However, we have shown for other electrode materials, and using many examples, that it is not the grain agglomeration but mainly the crystallite size which influences the electrochemical performances of the electrodes [13 23 ]. have the highest capacity: it is indeed the case. The repeated cycling behavior of the LiMn204 (250) electrode is excellent (more than 100 cycles at the present time [22] ). (Fig.7) . We believe that these two plateaus account for a two step extraction process for lithium ions the Li + are first removed, at the time of the first plateau, from half the tetrahedral sites in which Li-Li interactions occur [24] ; the other half of the remaining lithium are removed (second plateau) from the other tetrahedral sites in which the Li + do not have any nearest neighbor Li-Li interactions [24] . In order to get more insight into the relation between the electrochemical properties and structure of such nanosized electrode materials, Mn K-edge XAS study, XPS and Li NMR analysis are being carried out at the present time [25] .
